ABSTRACT: Milk yield from 273 Angus-and Hereford-sired cows and preweaning performance of their calves were used to determine how accurately milk EPD of Angus and Hereford sires predicted milk production of crossbred daughters and subsequent calf performance. Mean milk EPD (kg) for high Angus (HA), low Angus (LA), high Hereford (HH), and low Hereford (LH) bulls (n = 41) selected as sires were +8.7, −6.2, +7.6, and −4.8, respectively. Cows calved in spring or fall from 1992 to 1997 and yielded a total of 660 records. Twenty-four-hour milk production of the cows was estimated by two weigh-suckle-weigh measurements at monthly intervals. The statistical model included breed, milk EPD level, sire of cow within breed and milk EPD level, year, season, cow age, calf sire, sex, and all two-and three-way interactions. Means were obtained for monthly milk production, total milk production, time and yield of peak production, monthly calf weights, monthly cow weights and body condition scores (1 through 9), and calf birth and weaning data. The least squares means for 24-h milk production (kg) of HA, LA, HH, and LH with P-values for high vs low, across breeds, were, respectively, as follows: mo 1: 6.9,
Introduction
Milk production of beef cows is one of the most important factors affecting the weaning weight of calves and the profitability of the cow-calf producer. Highmilking cows should produce calves that are heavier at weaning, but possibly at the expense of body condition and reproductive efficiency. Higher-milking cows are also expected to require greater quantities of feed en- 1386 5.9, 7.1, and 5.7 (P < 0.01); mo 2: 7.2, 6.1, 6.9, and 5.7 (P < 0.01); mo 3: 6.1, 5.1, 5.1, and 4.3 (P = 0.01); mo 4: 6.1, 4.9, 4.9, and 4.8 (P = 0.01); mo 5: 4.8, 4.0, 4.2, and 3.8 (P = 0.01); mo 6: 4.7, 3.4, 3.2, and 3.0 (P < 0.01); and mo 7: 3.7, 2.5, 3.0, and 3.0 (P = 0.05). Least squares means for total milk (kg) were 911.4, 729.6, 758.0, and 664.2 (P < 0.01); for yield at peak (kg/d) were 7.0, 5.7, 6.1, and 5.2 (P < 0.01); for birth weight (kg) were 37.1, 37.9, 38.3, and 38.8 (P = 0.31); for 205-d weight (kg) were 237.3, 218.2, 222.2, and 214.1 (P < 0.01); for final cow weight (kg) were 482.4, 505.4, 509.5, and 511.7 (P = 0.11); and for final cow BCS were 4.9, 5.3, 5.1, and 5.2 (P < 0.01). The correlations of total production with the monthly productions were 0.52, 0.56, 0.52, 0.54, 0.35, 0.37, and 0.31 (P < 0.01) and were 0.12 with birth weight, 0.45 with 205-d weight, −0.12 with final cow weight, and −0.26 with final cow body condition score (all P < 0.01). Daughters of high-milk EPD sires produced more milk and weaned heavier calves than those of low-milk EPD sires at the expense of body condition. These results suggest that sire milk EPD are sufficiently associated with milk yield and calf performance to be useful tools in genetic improvement of preweaning performance.
ergy to support milk production. Expected progeny differences (EPD) have been developed to predict the genetic merit of cattle for different traits. The milk EPD predicts genetic merit for the maternal component of weaning weight. The milk EPD of two bulls predicts the difference in weaning weights of calves from those bulls' daughters, due to the milk production of the daughters. This EPD is measured in units of calf weaning weight, not units of milk. The objective of this study was to evaluate the extent to which differences in sire milk EPD result in actual differences in milk production and calf performance and to determine its relationship to cow body condition and weight.
Materials and Methods
An existing herd of crossbred cows was mated to Angus or Hereford (polled) sires that were either very high or very low for milk EPD at the time of selection (Table  1 ). The crossbred cows were ¹⁄₂ Hereford, ¹⁄₂ Angus; ¹⁄₄ Brahman, ¹⁄₄ Angus, ¹⁄₂ Hereford; and ¹⁄₄ Brahman, ¹⁄₄ Hereford, ¹⁄₂ Angus. At the time of selection, the milk EPD for each bull had an accuracy greater than 0.50. Heifers (n = 273) from these matings were born from 1989 through 1993. Daughters of high-milk EPD bulls will be referred to as high-milk cows, and daughters of low-milk EPD bulls will be referred to as low-milk cows. These heifers were mated to Angus, Gelbvieh, Polled Hereford, Salers, Limousin, Charolais, Maine-Anjou, or crossbred bulls (not more than three breeds in any one year) to calve starting in 1991. Heifers and cows were artificially inseminated and then turned out with crossbred bulls for a 75-d total breeding season. Spring calving took place from February through April, and fall calving took place from September through November. The same sires were used for spring and fall calving seasons within a single year. At the time of calving, all calves were weighed within 24 h of birth, males were castrated, and cows were scored for body condition. The body condition scores (BCS) ranged from 1 (emaciated) to 9 (extremely fat) (Richards et al., 1986) . Cows and calves were placed on native range, and the calves did not receive any creep feed. At seven monthly intervals (approximately at an average of d 37, 65, 93, 121, 149, 177 , and 205 after calving), a weigh-suckle-weigh measurement of milk production was performed (McCarter et al., 1991) . Cows and calves were separated on the afternoon of the previous day. At 0545 on the day of the measurement, calves were paired with cows and allowed to nurse. This ensured that all cows were milked out at the beginning of the separation period. After the cows were nursed out, they were weighed and a BCS was assigned. Two observers scored the cows and the scores were averaged. After weighing and scoring, the cows were returned to pens and kept separate from their calves. At 1145, calves were weighed, returned to their dams, allowed to nurse until the calf lost interest, and reweighed. The difference between the two weights was the 6-h milk production of the cow. This weighing procedure was repeated at 1745 to obtain two estimates of 6-h milk production. These 6-h estimates were used to calculate a 24-h estimate of milk production for each cow.
Calves were weaned at approximately 205 and 240 d for spring-and fall-born calves, respectively. Weights, BCS, conformation scores, and hip heights were collected on the calves at weaning. Condition scores were assigned based on the same scale used for the cows. Conformation scores were a measure of muscling and ranged from 11 (light muscling) to 15 (heavy muscling). Two observers determined BCS and conformation scores, and the scores were averaged. Two hip height measurements were taken and averaged.
Cows and calves were pastured at the North Lake Carl Blackwell Range on native grasses, including big bluestem (Andropogon gerardi), little bluestem (Schizachyrium scoparium), Indiangrass (Sorgastrum nutans), switchgrass (Panicum virgatum), and bermudagrass (Cynodon dactylon). During the winter, nonlactating cows were supplemented with 41% CP cubes three times per week. In October, they were fed approximately 0.5 kg of cubes/(cowؒd); from November to December they received approximately 1 kg/(cowؒd); and from January to calving they were fed approximately 3 kg/(cowؒd). Cows nursing fall-born calves were also supplemented with 41% CP cubes. They received 0.5 kg/(cowؒd) in October, 1 kg/(cowؒd) in November, 2 kg/ (cowؒd) in January, and 2.5 kg/(cowؒd) in February. In addition, cows received approximately 14 kg of grass hay daily when grass was not available.
Data were analyzed using ordinary least squares. Analyzed traits included the seven monthly measurements of milk production, calf weight and cow weight, and eight measurements of cow BCS. In addition, calf birth weight, 205-d weight, and weight, hip height, BCS, and conformation score at weaning were analyzed. Terms included in the models were cow sire breed, milk EPD level, sire of cow (nested within breed and milk EPD level), year, season, age of cow within year, sire of calf, sex of calf, age of calf, and all twoand three-way interactions. The models for the monthly cow weights and BCS did not include sire of calf, sex of calf, or age of calf. The models for birth weight and 205-d weight did not include age of calf. The error term used to test breed, milk level, and breed × milk level was cow sire (breed × milk level).
Lactation curves were estimated by the method of Ferrell (1982, 1984) . Quantity of milk pro- Table 2 . Least squares means by breed and milk level (High, Low) for the seven monthly measurements of 24-h milk production (kg), total milk production (kg), yield at peak lactation (kg/d), and time of peak lactation (d) duced (Y(n)) was divided by day in lactation (n), and the natural log of that value was regressed on day of lactation to estimate parameters (a and k) of the curve, such that log e [Y(n)/n] = (log e 1/a) − kn. The lactation curve defined by those parameters was Y(n) = n/ae kn . This curve was integrated from d 37 to d 205 to estimate the quantity of milk produced between those days. Because the earliest measurement of milk production was at an average of 37 d after calving, it was inappropriate to estimate the total quantity of milk produced in the lactation. However, a curve was fitted for each lactation, and an estimate of milk production between the first measurement and weaning was calculated as the area under the curve for each cow. This measure of milk production from mo 1 to mo 7 will be referred to as total milk production. The Ferrell (1982, 1984) curve was also used to find the time and yield at peak lactation for each cow. Partial correlations were computed between total milk and the monthly milk production estimates, birth weight, 205-d weight, weaning weight, weaning hip height, weaning calf conformation score, weaning calf BCS, weaning cow weight, and weaning cow BCS. In order to examine the effect of a unit change in EPD, as well as the classifications of high-and low-milk EPD, weaning weight, 205-d weight, total milk yield, and peak milk yield were regressed on sire milk EPD to determine the change in these traits per unit change in sire milk EPD.
Results and Discussion

Milk Production
High-milk cows produced more milk than low-milk cows in mo 1 through 7 (P < 0.05) and produced more total milk (P < 0.001; Table 2 ). This was consistent with differences in the sires' milk EPD and agreed with the results of Marston et al. (1992) and Marshall and Long (1993) but disagreed with Marshall and Freking (1988) , who found that daughters of high-and low-milk EPD sires did not produce significantly different quantities of milk. Angus-sired cows produced more milk than Hereford-sired cows summed over month and in mo 3, 4, and 6 (P < 0.02; Table 2 ). Melton et al. (1967) and Jenkins and Ferrell (1992) also reported that Angus cows produced more total milk than Hereford cows.
Using the Ferrell (1982, 1984 ) lactation equation, the shape of the curves differed between breed milk level group and between seasons (Figure 1 ). Interactions were detected between the regression coefficient and breed × milk level and the regression coefficient and breed × season (P < 0.02).
The equation was able to predict time of peak lactation and milk yield at peak lactation. At peak, high-milk cows produced more milk than low-milk cows, and Angussired cows produced more milk than Hereford-sired cows Ferrell, 1982, 1984) by season (F = fall, S = spring) for high-and low-(H, L) milk Angus and Hereford (A, H) cows. (P < 0.01; Table 2 ). Season and days in lactation were also significant (P < 0.05). Cows that calved in the spring had a higher milk yield at peak than cows that calved in the fall (P < 0.05). Significant interactions were year × season and year × sex (P < 0.01). No significant differences existed between breed or milk level in the time of peak lactation (P > 0.43; Table 2 ). Steers received more milk than heifers in mo 3 and 6 (P < 0.02; Table 3 ). Spring-calving cows produced more total milk than fall-calving cows (P < 0.04; Table 3 ). This is probably because they spent a greater part of their lactation on summer pasture, whereas fall-calving cows spent most of their lactation on winter feed. Age of calf, or days in lactation, was significant in mo 1, 2, 3, 4, and 6 (P < 0.02). Cow age within year was not significant in any month (P > 0.30). These results are from 3-, 4-, and 5-yr-old cows only. This limitation in age range may not have allowed differences in milk production due to age to be expressed. Sire of calf was not significant in any month (P > 0.20). Significant interactions for milk production were as follows: breed × milk level in mo 4 and 6; breed × year in mo 3; breed × season in mo 7; breed × cow age (year) in mo 7; milk level × sex in mo 6 and overall; year × season in mo 1, 2, 3, 4, 5, 7, and overall; year × sex in mo 3, 4, 5, 6, and overall; season × sex in mo 4 and 7; milk level × year × season in mo 5; milk level × year × sex in mo 2 and 4; milk level × season × sex in mo 1; and year × season × sex in mo 3, 4, 5, 7, and overall (P < 0.05).
Calf Weight
High-milk cows had calves that were heavier than low-milk cows in all months (P < 0.01; Table 4 ). This was expected, and it agreed with the findings of Butson and Berg (1984) and Clutter and Nielsen (1987) . Angussired cows had heavier calves than Hereford-sired cows only in mo 7 (P < 0.01; Table 4 ). Cow sire, sex of calf, and age of calf were significant for all months (P < 0.05).
Steer calves were heavier than heifers in all months (P < 0.001). Season was significant in all months except the second (P < 0.02). In mo 1, fall-born calves were heavier than spring-born calves, but in mo 3 through 7, springborn calves were heavier than fall-born calves. This was probably because there was better grass for fall calves (October) than for spring calves (April) in mo 1, and there was better grass for spring calves (June through October) than for fall calves (December through April) in mo 3 through 7. Cow age within year affected calf weights in mo 2, 3, and 4 (P < 0.04), even though age of dam did not affect milk production in any month. This may indicate that older cows do something besides producing milk to cause their calves to be heavier. It is important to remember that this study only used 3-, 4-, and 5-yr-old cows. Calf sire was not significant in any month (P > 0.08). Significant interactions were breed × cow age (year) in mo 2; year × season in all months; season × cow age (year) in mo 2, 3, and 4; and milk level × year × season in mo 2, 3, 4, and 5 (P < 0.05).
Cow Weight
No significant differences in cow weight were detected between milk levels in any month (P > 0.11; Table 5 ). Angus-sired cows were lighter than Hereford-sired cows in mo 4 and 5 (P < 0.05; Table 5 ). Angus-sired cows may have been lighter because they tended to produce more milk at these times. This increased milk production may have caused them to lose more weight than the Herefordsired cows during the lactation. Season affected cow weight in mo 1, 2, 3, 5, 6, and 7 (P < 0.001). The effect of calving season on cow weight varied depending on the time of year. In mo 1 through 3, fall-calving cows were heavier than spring-calving cows. The fall-calving cows were coming off of summer grass in the first 3 mo of lactation, whereas spring-calving cows were coming off of winter feed. In mo 5 through 7, spring-calving cows were heavier than fall-calving cows. In these months, spring-calving cows were on summer grass, and fallcalving cows were on winter feed. Cows that were on summer grass weighed more than cows on winter feed, regardless of their month in lactation. The effects of sire of cow and cow age within year were significant in all months (P < 0.01). Cow weight increased with age within year (P < 0.001). Significant interactions were breed × cow age (year) in mo 4, 5, 6, and 7; milk level × season in all months; year × season in all months; season × cow age (year) in mo 4; and breed × milk level × season in mo 1, 2, 3, 5, 6, and 7 (P < 0.04).
Cow Body Condition Score
High-milk cows had lower BCS than low-milk cows at mo 1, 2, 3, 5, 6, and 7 (P < 0.05; Table 6 ). This was expected, because these cows partitioned available body stores to milk rather than fat. These results agreed with those reported by Belcher and Frahm (1979) and Mondragon et al. (1983) . Breed had a small effect on BCS throughout the lactation (P > 0.07; Table 6 ). This was somewhat surprising, because in the latter part of lactation the Angus-sired cows produced more milk than the Hereford-sired cows. This increase in milk production could be expected to cause a decrease in body condition. One reason that this was not observed could have been because the Angus-sired cows began their lactation in slightly better condition. Season was significant at calving and in mo 1, 2, 4, 5, 6, and 7 (P < 0.01). The effect of season on body condition was the same as its effect on cow weight. Cows that were on summer pasture were in higher condition than cows on winter feed, regardless of stage in lactation. Cow age within year was significant at calving and in all months (P < 0.01). Within year, cow BCS increased with age (P < 0.01). As the cows matured, they had less of their own growth to support and could use that energy to increase condition. Sire of cow affected BCS at calving and in mo 3, 4, 5, 6, and 7 (P < 0.01). Significant interactions were breed × season in mo 2, 3, and 6; milk level × season at calving and in mo 1, 2, 3, 4, 6, and 7; year × season in all months; season × cow age (year) in mo 2, 3, 6, and 7; and breed × milk level × season in mo 1 through 7 (P < 0.05).
Birth and Weaning Data
There was no significant difference between milk levels or breeds for birth weight (P > 0.30; Table 7) . Effects in the model that were significant were sire of cow, sire of calf, and sex of calf (P < 0.001). As expected, bull calves were heavier at birth than heifer calves (P < 0.001). Significant interactions were breed × year, year × season, and year × sex (P < 0.044). P-value for differences between milk levels within breed.
c P-value for differences between breeds within milk level.
Unadjusted weaning weight was affected by both milk level and breed (P < 0.01; Table 7 ). High-milk cows had calves with a higher weaning weight than low-milk cows (P < 0.001; Table 7 ). Angus-sired cows had calves with a higher weaning weight than Hereford-sired cows (P < 0.01; Table 7 ). Other terms that were significant were sire of cow, season, age of cow, sex of calf, and age of calf at weaning (P < 0.04). Steer calves were heavier at weaning than heifer calves (P < 0.001). Spring-calving cows weaned heavier calves than fall-calving cows (P < 0.001). The spring-calving cows spent most of their lactation on summer grass, and the fall-calving cows spent most of their lactation on winter feed. In most years, 4-and 5-yr-old cows weaned heavier calves than 3-yr-old cows (P < 0.04). The effects of calf sire approached significance (P < 0.07). Because the sire of the calf did not significantly affect preweaning growth of the calf, it may be that preweaning growth is more dependent on maternal ability of the dam than on the calf's own genetic ability for growth. Year × season was the only significant interaction (P < 0.001).
Age-adjusted 205-d weight followed a pattern similar to that of unadjusted weaning weight. By adjusting, calf age at weaning was taken out of the weaning weight model. The other terms showed the same effects, with slightly different significance levels. Calves out of high- milk cows were heavier at 205 d than calves out of lowmilk cows (P < 0.01; Table 7 ). Mallinckrodt et al. (1990) , Marston et al. (1992) , and Marshall and Long (1993) also reported that calves out of high-milk EPD cows were heavier at weaning than calves out of low-milk EPD cows. However, Marshall and Freking (1988) and Mahrt et al. (1990) found no significant difference in weaning weights of calves out of high-or low-maternal or -milk EPD cows. Calves out of Angus-sired cows were heavier at 205 d than calves from Hereford-sired cows (P < 0.01) ( Table 7) . Brown et al. (1970) and Nelson et al. (1985) reported similar breed differences. Spring-born calves were heavier at 205 d than fall-born calves, and steers were heavier at 205 d than heifers (P < 0.001). Also significant were the effects of sire of cow and sire of calf (P < 0.01). Cow age approached significance (P < 0.10).
As with weaning weight, year × season was the only significant interaction (P < 0.001).
The difference in calf 205-d weights between highand low-milk Angus-sired cows was 19.02 kg, which was approximately 5 kg more than the difference of 13.68 kg predicted by the grandsire EPD (milk EPD + ¹⁄₂ weaning weight EPD). The difference between high-and low-milk Hereford-sired cows was 8.05 kg, which was approximately 3 kg less than the difference of 11.47 kg predicted by the grandsire EPD. Therefore, the Angus milk EPD seemed to underestimate true genetic merit for milk production, and the Hereford milk EPD seemed to overestimate it. This agreed with the Angus results reported by Marston et al. (1989 Marston et al. ( , 1990 Marston et al. ( , 1992 . Unlike this study, Mallinckrodt et al. (1990 Mallinckrodt et al. ( , 1993 showed that Hereford milk EPD underestimated weaning weight differences as well. However, Diaz and Notter (1991) found that in Angus-Hereford crossbred cows, grandsire milk EPD overestimated differences in calf weaning weight. The differences from predicted value may be because the predicted values were generated from purebred cows. High-milk cows had calves with greater weaning hip height than low-milk cows across breeds (P < 0.02; Table  7 ). No significant difference was found between breeds (P > 0.37; Table 7 ). Other effects that were significant were sire of cow, season, sire of calf, sex of calf, and age at weaning (P < 0.01). Spring-born calves were heavier at weaning, and they were taller at weaning as well (P < 0.01). Similarly, the heavier steers were taller than the heifers at weaning (P < 0.001). Age of calf at measurement affected hip height (P < 0.001). Significant interac- Table 9 . Regression coefficients and standard errors (kg) for the regression of total milk production (Total), peak milk yield (Peak), calf weaning weight (WW), and 205-d calf weight (205-d) on sire milk EPD for Angus-sired cows (n = 381), Hereford-sired cows (n = 279), and both breeds together (n = 660) tions were year × season, season × sex, and milk level × season × sex (P < 0.04). High-milk cows had calves with higher weaning conformation, or muscle scores, than low-milk cows across breeds (P < 0.01; Table 7 ). There was no significant difference in conformation score between breeds (P > 0.11; Table 7 ). Significant terms in the model included calf sex and age of calf at measurement (P < 0.01). Steers had higher conformation scores than heifers (P < 0.01). Milk level × sex, year × season, year × sex, and season × sex were the significant interactions (P < 0.05).
High-milk cows had calves with higher weaning BCS than low-milk cows across breeds (P < 0.01; Table 7 ). There was no significant difference between breeds (P > 0.20; Table 7 ). Season and age at measurement were significant (P < 0.04). Spring-born calves had higher BCS than fall-born calves (P < 0.001). This was expected, because the spring-born calves spent most of their lives on summer pasture, and the fall-born calves spent most of their lives on winter feed. Year × season was the only significant interaction (P < 0.001).
Correlation of Total Milk Production with Cow and Calf Performance
The correlations of total milk production with the monthly measures of milk production tended to be moderate in the first half of lactation and to decrease in the second half of the lactation (Table 8 ). These estimates are lower than those reported by Totusek and Arnett (1965) and Totusek et al. (1973) for weigh-suckle-weigh measurements. There was a slight positive correlation between birth weight of the calf and total milk production (Table 8 ). This agrees with the findings of Pope et al. (1963) and Jeffery et al. (1971) . One explanation for this correlation is that larger calves were able to immediately consume more milk than smaller calves.
There were moderate correlations between total milk production and weaning weight and 205-d weight (Table  8) . This is similar to the correlations reported by Diaz et al. (1992) , Mallinckrodt et al. (1993) , and Marshall and Long (1993) . Hip height at weaning was also moderately correlated with total milk production ( Table 8 ). The correlation between total milk and calf weaning conformation score and BCS was low to moderate (Table 8 ). There was a low, negative correlation between total milk and final cow weight and BCS (Table 8 ). It was expected that cows that produced more milk over the lactation would be lighter and thinner at the end of lactation. This agrees with the findings of Belcher and Frahm (1979) and Mondragon et al. (1983) .
Regression of Cow and Calf Performance on Sire Milk EPD
Coefficients and standard errors for the regression of weaning weight, 205-d weight, total milk production, and peak milk production on sire milk EPD are presented in Table 9 . For Angus-sired cows, the 1.22-kg increase in weaning weight for every 1-kg increase in sire milk EPD was slightly greater than the expected value of 1. For Hereford-sired cows, this value was 0.93, and with both breeds together the regression was 1.09, which was very close to the expectation. Calves out of Angus-sired cows needed more milk than calves out of Hereford-sired cows to increase weaning weight by 1 kg.
It can be assumed that higher-milking cows would have increased nutrient requirements (Totusek et al., 1971) . However, feed intake and nutrient requirements were not a part of the design of this experiment, so it would be inappropriate to draw any conclusions.
Implications
Milk production differences affect calf performance and cow condition. Higher-producing cows have heavier calves but are lower in body condition during lactation. This may have future implications in reproductive performance of the cow herd. Milk EPD accurately predicts these differences in performance and can be used as a part of a selection and culling program in purebred or commercial beef herds.
